INTRODUCTION
Coarse-fraction analyses (>40 µm) were conducted on the autochthonous upper Miocene to Recent section (Sub-units 1A, B) of Site 397 (Cores 397-1 through 397-56), situated south of the Canary Islands (26°50.7'N, 15°1O.8'W, 2900 m water depth). Our analyses sought to answer the following questions: 1) What changes of climate occurred in the northern Sahara during the Neogene?
2) How did upwelling influence the sediments? 3) Have there been changes in CaCO 3 dissolution? 4) When was the most intense volcanic influene on the sediments? Can it be correlated with main volcanic phases of the Canary Island? (cf., Schmincke et al., this volume) . 5) What is the role of shallow water supply in the hemipelagic sediments?
The questions are treated on the background of knowledge deduced from the studies of the Neogene
The samples were washed through 40 and 63 µm sieves. The fractions 40 to 63 and /63 µm were dried and weighed, and their percentages of the total sediment were calculated. The sand fraction (>63 µm) was sieved into four sub-fractions: 63 to 125, 125 to 250, 250 to 500, and 500 to 1000 µm. The weight of each fraction was measured and its percentage of the total sand fraction was calculated. With 800 grains counted in each fraction (3200 to 4000 grains per sample), the following grain types were identified in the component analysis: benthic foraminifers (calcareous and arenaceous), planktonic foraminifers (whole tests and fragments), sponges, mollusks (bivalves, gastropods, pteropods), ostracodes, echinoderms, serpulidae, fish debris, radiolarians, and diatoms; and quartz grains (colorless and with red iron staining), mica, other minerals (feldspar, dark minerals), dolomite, volcanic ash and glass, glauconite, relict components (black, corroded, bored shells from shallow water environment), phosphorite grains, and pyrite. We calculated the percentage of each grain type in each fraction and in the total sand fraction.
No evident influence of drilling disturbance could be seen from the results of coarse-fraction analysis, except for the uppermost samples in Core 2.
RESULTS

Grain-Size Distribution
The amount of the sand fraction in per cent of the total sediment decreases continuously from top to bottom of the investigated sequence, from 3 to 9 per cent in Cores 2 through 10, to less than 0.1 per cent in Core 52 (Figure la) . The variations in amount of the sand fraction are controlled by several factors.
Amounts of sand can increase when the following occur: (a) increased production of sand-sized organisms, mainly planktonic foraminifers and radiolarians; (b) increased terrigenous supply of sand-sized particles; (c) shallow-water supply leads to an increase in mainly sand-sized shells; (d) decreased dilution of sand fraction by terrigenous fine-fraction supply (variations in terrigenous supply); (e) decreased dissolution of planktonic foraminifers, leading to higher amounts of sand-sized foraminifers; (f) presence of pyrite in the sand fraction (i.e., pyrite is much heavier than the CaCO 3 and SiO 2 particles); (g) winnowing enriches sand-sized particles.
There are several factors at Site 397 which influence the size of the sand fraction. Production and pyrite amounts seem to play no role in grain-size distribution. It is astonishing that the pyrite in amounts up to 30 per cent of the sand fraction in Cores 52 through 56 does not increase sand fraction percentages. The highest productivity, determined by highest opal and benthic amounts, correlates in general with layers of small amounts of sand. Increase in supply of sand-sized terrigenous material (up to 30 to 50%) leads to an increase in sand-fraction percentages in a few cases: Cores 21-6, 22-5, and 23-3. The normal situation is that the quantity of terrigenous components >63 µm is very small (generally, <5%), and inversely related to the curve showing the per cent of sand. This trend is especially evident in Cores 22 through 56, where nearly all increases in the sand fraction correlate with decreases in the amount of terrigenous material >63 µm. In the upper part of Hole 397, there is only a limited agreement; in Cores 3 through 5, there is more terrigenous material >63 µm and less sand fraction than in the interval from Core 6 to Section 9-2, where the opposite is true.
It is presumed that variations in sand-fraction percentages are due to a varying dilution by the terrigenous fine fraction. The terrigenous components >63 µm, being the coarsest and quantitatively the smallest part of terrigenous input, are sensitve to variations in terrigenous supply. When the coarsest particles increase slightly, the finer fractions increase much more, leading to a strong dilution of mainly biogenous sand components. This is true, however, only for normal hemipelagic sediments, which were not influenced by turbidity currents, etc. This explanation should be checked by carbonate content variations.
In Meteor Core 12309-1, taken proximal to Site 397 (2849 m water depth), the same explanation for sandfraction per cent variations seemed highly probable for the upper Quaternary sequence. Absolute values of the sand fraction at this Meteor site varied between 3 and 12 per cent.
The supply of shallow water shells, which are mostly sand-sized, does not have a decisive quantitative influence on sand-fraction percentages. On the contrary, shallow water benthic shells increase as terrigenous material increases, i.e., where sand fraction percentages decrease.
An important factor is the fragmentation of planktonic foraminifers. It is presumed that this is an indicator of dissolution, with highest dissolution leading to strongest fragmentation of planktonic foraminifers and, thus, reduction of sand-sized foraminifers. Down to Core 34, fragmentation varies between 30 and 50 per cent, without influencing the grain-size distribution. In Cores 36 through 44, a fragmentation increase (40 to 60%) correlates with lower sand fraction percentages (1 to 4%). In Cores 45 through 50, the sand fraction forms only 0.5 to 2 per cent; in Core 52, it is <Cθ.5 per cent, which correlates with an increase in fragmentation from 50 to 60 to 50 to 75 per cent. In Core 52, the lowest sand fraction amounts and highest fragmentation values coincide. The increase in sand fraction in Cores 54 and 55 (0.5 to 2%) correlates with reduced fragmentation (45 to 65%).
The curve showing the amount of sand (Figure la) is controlled by three factors: (1) varying dilution by fine-grained terrigenous material; (2) fragmentation and (thus) dissolution changes of planktonic foraminifers; and (3) short pulses of terrigenous supply with large quantitites of sand-sized components.
The influence of bottom currents cannot be deduced from the present data.
Percentages of the 40 to 63 µm fraction are smaller and generally parallel to those of the sand fraction (Figure la 
NEOGENE AUTOCHTHONOUS SEQUENCE
Composition of the Sand Fraction
The composition of the sand fraction is summarized on Table 1 . Amounts of radiolarians and benthic foraminifers are not plotted as percentages, but as ratios to planktonic foraminifers. The production of the latter is rather constant in this area, except for upwelling influence areas, at least during the late Quaternary (Diester-Haass, 1976b) . Therefore, using ratios can avoid misinterpretation due to dilution of radiolarians and benthics by terrigenous and volcanic material.
Percentages of planktonic foraminifers, the most important constituent of the sand fraction, are controlled by dilution of non-biogenous particles.
Radiolarians: The percentage of radiolarians from the sum of radiolarians plus planktonic foraminifers can be seen on Figure l(b) . Radiolarians are only present in Cores 2 through 24. Maximum values (10 to 30%) occur in the Quaternary section (Cores 2 through 15). In the upper Pliocene (Cores 16 through 24), there is <5 per cent (except for a few samples where 5 to 10% are observed).
There is a strikingly good correlation between amounts of radiolarians and terrigenous components in the sand fraction. Nearly each peak in terrigenous material correlates with an increase in radiolarians (e.g., Sections 2-2, 3-2, 3-5, 4-1, 4-4, 5-3, 6-1, 6-5, 7-4, 8-4, 9-4, 10-4, and 11-1) . Even small variations in the lower part of the radiolarian sequence correlate in general with terrigenous material. The three layers with highest radiolarian amounts (Sections 9-2, 10-3, and 14-16 to 15-2), however, correspond to layers with a small terrigenous input. Radiolarian amounts are not significantly correlated to amounts of volcanic matter, contrary to results from Site 369 (Diester-Haass, 1978a) .
Radiolarian percentages of the same order of magnitude have been found in upper Glacial sediments from the same area {Meteor Core 12309-1), i.e., up to 7 per cent in glacial and <3 per cent in interglacial sediments .
Diatoms: Diatoms are rare in the sand fraction (Figure lc) , i.e, < 1 per cent, except for a few peaks. In the 40 to 63 µm fraction, however, diatoms constitute 0 to 8 per cent in Cores 2 through 11 and < 2 per cent in Cores 12 through 21 (except for 15% in Section 21-4), where radiolarians also decrease. In Core 24, both groups comprise < 0.2 per cent; they disappear completely in Core 25.
The two radiolarian peaks in Sections 9-2 and 10-3 are also diatom peaks (67.7 and 16% of the 40 to 63 µm fraction, respectively). The other radiolarian peaks are not always diatom peaks; especially the radiolarian-rich interval spanning Sections 14-6 through 15-2, which does not contain increased diatom amounts.
Fish debris: The amount offish debris in per cent of the sand fraction ( Figure Id) varies without trend between 0 and 0.6 per cent in Cores 2 through 26. In Cores 27 through 39, values increase slightly (0.1 to 0.8%). Fish debris comprises 0.2 to 1.8 per cent in Cores 41 through 51, is highest in Core 52 (up to 4%), and decreases from 2 to 0.3 per cent in Cores 54 through 56. The highest fish debris values in Core 52 coincide with strongest dissolution of CaCO 3 , as revealed by fragmentation of planktonic foraminifers. The radiolarian and diatom maxima are not accompanied by an increase in fish debris.
Benthics: Benthics consist mainly of foraminifers with rare occurrences of other organisms such as sponges, ostracodes, echinoderms, pelecypods, and serpulidae. Amounts of total benthics can be seen in Table 1 . Percentages of benthics other than foraminifers are plotted although they are so rare that often only a few shells or debris are found, thus producing possible statistical errors. Nevertheless, some trends in composition are obvious.
Sponges: In Figure le , sponge spicules are plotted as per cent of the sand fraction; they occur in Cores 2 through 26 with their disappearance being stratigraphically below that of radiolarians and diatoms (Core 25). They form 0 to 0.6 per cent of the sand fraction. Maxima and minima correlate only at times with those of radiolarians or diatoms. They never correlate with those of volcanic material.
Ostracodes: Ostracodes ( Figure If ) form 0.1 to 0.8 per cent in Core 2 through Section 4-2, then decrease to <Cθ.2 per cent of the sand fraction (with a few layers having higher values). Some of the ostracode maxima correlate with radiolarian maxima (e.g., Sections 2-2, 4-1, 5-3, and 11-2), but each radiolarian peak is not accompanied by an increase in ostracodes.
Fchinoderms: Echinoderms show the same general trend as ostracodes: highest values of 0 to 0.7 per cent of the sand fraction in the upper part, from Cores 2 through 23 (Figure lg) . In the lower part, echinoderms (ostracodes) are often absent. Many of the peaks in echinoderm amounts in Cores 2 through 21 coincide with peak abundances of radiolarians (e.g., Sections 2-2, 4-1, 7-4 through 7-5, 8-3 through 8-5, 9-2, 10-3, 11-1, 11-5, 14-6 through 15-2, 17-4, 20-4, 21-2, and 21-6) . There are, however, some maxima in echinoderms which do not correspond to a radiolarian peak.
Pelecypods: Pelecypods (Figure lh) are present only in a few specimens. These are not entire shells but debris of bigger, thick, sculptured shells, sometimes with a well-preserved aragonitic layer. Pelecypods are only found in layers rich in terrigenous material, but not every maximum in terrigenous material is accompanied by the presence of pelecypods. They occur mainly in the Quaternary section.
Serpulidae: Serpulidae (Figure lh ) are found as calcareous tubes either without sculpture (more frequently) or with rips. They are absent in the Quaternary section and form up to 1.2 per cent of the sand fraction in some Miocene and Pliocene samples, exactly in those layers where benthic/planktonic ratios of foraminifers increase. The presence of serpulidae is often linked to that of pelecypods.
The benthic /planktonic ratio of foraminifers: This ratio is plotted in Figure li Relict m. Radiol. Radiol. to 29, they increase up to 14 per cent; in Cores 30 through 36, they are lowest (1 to 2%). Highest values (up to 26%) occur in Cores 45, 52, and 53. In Cores 2 through 15, nearly each increase in benthic foraminifers, even the smallest one, correlates to an increase in the radiolarian/planktonic foraminifer ratio. Especially, the four radiolarian maxima in Sections 8-4, 9-2, 10-3, and 14-6 to 15-2 are clearly reflected in an increase in benthics. The same observation results from per cent values of radiolarians and benthic foraminifers ( Table 1) . The good correlation is not due to the fact that, in both cases, the ratio is formed with planktonic foraminifers. Production of planktonic foraminifers increases under the influence of strong upwelling (Diester-Haass, 1976b) . In these samples where high fertility was probable, both benthic/planktonic ratios of foraminifers and radiolarian/plankton foraminifer ratios increase; this suggests that the increase in accumulation rate of benthic foraminifers and radiolarians is greater than that of planktonic foraminifers.
The high benthic-planktonic ratios in Cores 25 to 29, 37 to 39, 42 to 45, and 52 to 56 are correlated with the presence of pelecypods and serpulidae. The latter forms are normally not found in water depths of 3000 meters such as exist at Site 397. In the layers with minimum benthic values in Cores 32 to 36, however, none or nearly none of these shells were found.
The correlation of benthic/planktonic ratios of foraminifers to fragmentation of planktonic foraminifers is not clear, contrary to results from Sites 366 and 369 (Diester-Haass, 1978a) .
Benthic/planktonic ratios should be about one per cent in this water depth of about 3000 meters, after Lutze (this volume). Benthic/planktonic values in recent sediments from 3000 meter water depths off northwest Africa (21 to 23 °N) are about 1.3 per cent in regions without strong upwelling and about 3 per cent in highly fertile areas (Diester-Haass, 1978b ). The much higher values encountered in several intervals at Site 397 point either to higher production, or to a shallow water sediment supply or to preferential dissolution of planktonic foraminifers leading to the enrichment of benthic forms.
Terrigenous Material The amount of terrigenous material such as quartz, mica, "other minerals" (such as feldspar, dolomite, and dark minerals) is plotted in Figure lj . Two kinds of quartz were counted: colorless quartz and quartz with yellowish reddish iron-oxide staining.
No quartz grains with red-colored clay coating or red clay aggregates were found. The ratio (red quartz/ colorless quartz) × 100 is called the desert quartz number (cf. Radcewski, 1937) . The stained quartz grains come from desert regions (Walker, 1967; Norris, 1969; Diester-Haass et al., 1973; and DiesterHaass, 1976a) .
The amount of terrigenous material in the > 63 µm fraction is 10 per cent (except for a few coarse-grained layers where it increases up to 50%). In the 40 to 63 µm fraction, it increases up to 50 per cent. Variations in amount of terrigenous components are parallel in both fractions. The curve showing variations in amount of terrigenous material and in desert quartz number ( Figure Ik along the core profile can be divided into the five intervals which follow: 1) Cores 2 through 10. Strong variations between 50 and <5 per cent of terrigenous material in the 40 to 63 µm fraction. Desert quartz numbers vary between <20 (in layers with high terrigenous input) and up to 100 (where terrigenous material is rare).
2) Core 11 to Section 21-5. The layers with small amounts (generally <20%) are longer, variations are smaller. Desert quartz numbers are generally >20.
3) Section 21-5 to Core 23. Several variations between layers with very small amounts (<5%) and very coarse grained terrigenous input (up to 50% in the sand fraction). Desert quartz numbers are >30. 4) Cores 24 through 42. Relatively homogeneous section with small terrigenous input in fractions >40 µm. There are only a few layers with an increase in terrigenous material. Desert quartz numbers are >30. 5) Cores 43 through 56. Strong variations between high (20 to 70%) and small (<5%) values of terrigenous material. Desert quartz numbers vary correspondingly: <20 to 70.
Glauconite, Relict Particles
The curve showing variations in amount of glauconite ( Figure 11 in the 40 to 63 and >63 µm fractions resembles that of terrigenous material. In Core 2 to Section 15-2, the layers with high terrigenous input contain up to 1.8 per cent glauconite in the >40 µm fraction. Layers with low terrigenous input have no glauconite. In the Pliocene-Miocene section of Site 397, glauconite is absent where terrigenous supply is low. Where the supply increases, glauconite is present, often in low amounts of about 0.2 per cent of the 40 to 63 µm fraction. This indicates that supply was derived from shallow water. Higher terrigenous material values in Cores 52 to 56 are correlated with glauconite amounts up to 1 per cent of the 40 to 63 µm fraction.
Relict particles are components which presumably are not contemporaneous with sedimentation conditions at the site. They probably were derived from shallow water, because they are abraded, bored, blackened and sometimes glauconitized shells, mainly of molluscs, or sometimes of benthic foraminifers. Relict particles are even rarer than glauconite ( Figure  lm) . In the Quaternary section, they form 0 to 0.6 per cent (one value of 1.7%) of the 40 to 63 and >63 µm fraction in those layers where glauconite and terrigenous components are important constitutents. In the Pliocene-Miocene sequence, relict particles generally (but not in all layers) are present only in a few coarsegrained samples with high glauconite values, e.g., Sections 21-6 (with 3.7%), 22-5, and 23-3. In Cores 54 to 56, glauconite and terrigenous material form high amounts without the presence of relict particles.
Volcanic Material Volcanic material was found mainly as yellowish brownish volcanic glass. Multicolored volcanic ash is rare. There are three layers with abundant volcanic material ( Figure In 
Fragmentation of Planktonic Foraminifers
The calcareous tests of planktonic foraminifers break down under the influence of dissolution and thus become increasingly fragmented. The ratio of fragments to whole tests will increase with increasing dissolution (Arrhenius, 1952; Berger, 1970; Berger and von Rad, 1972; Diester-Haass, 1975b; and Diester-Haass, 1978a) . The influence of dissolution on the tests is species dependent; there are very sensitive shells which are completely dissolved before others begin to break down. The ratio of (fragments/whole tests + fragments) × 100 has been shown to be useful indicator of variations in CaCO 3 dissolution, even when countings are made without distinguishing species (DiesterHaass, 1978a) . The variations in fragmentation at Site 397 show a general increase from top to bottom of the investigated section (Figure lp) . This general increase can be divided into several subsequences: 1) Cores 2 through 15. A general increase in fragmentation is divided into five cycles with maxima inter-rupted by sharply limited short minimum zones. The maxima are in the following sections: 2-5 to 5-3, 6-4 to 8-4, 9-4 to 10-6, 12-1 to 13-1, and 14-3 to 15-6. The maximum values increase from 40 to 50 per cent (one value of 60%). The minimum values increase downhole from 17 to about 35 per cent.
2) Cores 16 through 34. Here maxima and minima are not as clearly defined. Only in the upper part (in Sections 20-2 to 20-6, 22-4 to 24-1, and 25-1 to 26-7), are there three maxima with values up to 55 per cent. In the lower part of this sequence, fragmentation varies between about 30 and 50 per cent without any trend.
3) Cores 36 through 56. Here maxima and minima are also not clearly defined. This may result from incomplete recovery and the consequent lack of more closely spaced samples. Maximum fragmentation values increase continuously in this interval from 55 to 75 per cent in Core 52.
As mentioned earlier, there is no clear correlation between fragmentation and benthic/planktonic ratios of foraminifers. If the latter were only dependent on varying dissolution of planktonic foraminifers, it should vary according to fragmentation values, because benthic foraminifers are more resistant to dissolution than planktonic forms and thus are enriched with increasing dissolution (Arrhenius, 1952) . A perfect correlation between fragmentation and benthic/plankton ratios was found in Neogene sediments of Leg 41 (Diester-Haass, 1978a) . By contrast, at Site 397, the two curves vary inversely from each other and (contrary to Leg 41 findings) an increase in benthics is correlated to a decrease in fragmentation (e.g., Sections 26-1 and 2, 28-4 and 5, 42-4, and 54-3). This relationship might be due to a supply of benthic and planktonic foraminifers from the upper slope, where benthics are more abundant and planktonic forms are better preserved. A decision cannot be made regarding the extent to which the high benthic values in Core 52 are due to the strongest fragmentation being encountered there or to a shallow water sediment supply.
DISCUSSION
Shallow Water Sediment Supply
The study of shallow water sediment supply during the late Neogene is of interest at this site where the lower Miocene consists mainly of allochthonous material from shallow water. Did these processes of shallow water supply continue in the younger sequences, but on a smaller scale? The present continental slope in this area is steep and large-scale sliding and slumping processes during the late Quaternary are known (Embly, 1976; and Diester-Haass and Werner, in preparation) . Perhaps the steep gradient also leads to a less dramatic supply of small amounts of upper slope material to the lower slope.
Indicators of shallow water sediment supply are glauconite, relict material, a strong increase in benthic/ planktonic ratios of foraminifers which cannot be explained by increased fertility or by dissolution changes, and the presence of debris of large pelecypods and serpulidae (living only in shallow water; van der Spoel, personal communication).
The depth of origin for such particles cannot be defined clearly but the upper slope in water depths of about 200 to 1000 meters is highly probable for the following reasons: 1) Typical shells from a shelf environment like benthic foraminifers (Lutze, this volume), bryozoens, corals, and gastropods are absent.
2) Glauconite and relict material, mainly in the size range up to 125 µm (and rarely larger) have been found on the upper slope and outer shelf in glacial sediments from the upper Quaternary off northwestern Africa, but not on the deeper slope in depths below about 1000 meters (Diester-Haass, 1975a and unpublished results).
3) Thick-shelled pelecypods have been found off northwestern Africa in water depths down to about 1000 meters. In deeper water, only larvae and very thin-shelled mollusks were observed occasionally, if at all.
The problem and possible mechanism of shallow water sediment supply will be discussed first for the Quaternary sequence, Cores 2 to 15. The layers in this sequence contain glauconite, relict material, and thick pelecypods, and also contain high amounts of terrigenous material and low desert quartz numbers ( Figure  2 ). This is interpreted as the result of more humid conditions with rainfall and, thus, river supply. From up- per Quaternary sediments, it is known that these humid periods occured during glacial periods off northwestern Africa, north of 20 N (Diester-Haass, 1976a ). This correspondence between humid climate and glacial periods and, thus, lowered sea level is assumed to be the same for the early Quaternary. Consequently, these layers with shallow water particles are interpreted as being the result of increased circulation and stronger currents at the shelf break and upper slope during periods of lowered sea level. Shallow water facies are closer to the shelf break during such periods. Particles were brought into suspension either by waves or currents or burrowing organisms, a process that leads to particle by particle transport of shallow-water grains to the deeper slope, if downslope currents are present. In the upper Quaternary sediments, no rapid sedimentation processes such as turbidity currents intervened.
Benthic/planktonic ratios of foraminifers show only small-scale variations in the Quaternary. Some of the increases correlate with glauconite peaks, but these peaks also coincide with layers where fertility was high. Therefore, it cannot be determined whether increases in benthic foraminifers are due to higher productivity or a shallow water sediment supply, or both. The observation that in upper Quaternary sediments off northwestern Africa benthic/planktonic ratios increased where no shallow water sediment supply occurred but where strong upwelling is present (Diester-Haass, 1978b) favors the concept of fertility changes producing increased benthic/planktonic ratios.
At the Quaternary/Pliocene boundary, there is a sharp downward decrease in the amount of shallow water particles. If glauconite and relict particles are considered as indicators of shallow water sediment supply, this supply was considerably higher in the Quaternary than in the Pliocene (except for three distinct layers). If benthic foraminifers and serpulides are taken into account, there are some layers in the Pliocene and Miocene intervals exhibiting a greater shallow water sediment supply.
The intervals with a shallow water sediment supply in the Pliocene and Miocene intervals can be divided into three different types (Figure 2) . It is not known whether these are thin distinctive layers or thicker units, because sample distribution (1 per section of 150 cm) is too sparse. No radiographic study could be made; therefore, textural indicators defining the type of shallow water sediment supply are not available.
The first type is represented by three layers, Sections 21-6, 22-5, and 23-3, where terrigenous material in the coarse fractions increases up to about 50 per cent. Terrigenous material is more abundant in the coarse fractions >63 µm than in the 40 to 63 µm fractions. Quartz grains, which are absent in the > 125 µm fraction in the rest of the sediments, comprise up to 30 per cent of the 125 to 250 µm fraction in these three layers. Sand fraction percentages increase up to 6, 10, and 14 per cent (Figure 2c ).
Desert quartz numbers indicate an arid climate in the three layers. Benthic components are not markedly enriched, Relict material, however, has highest values (up to 3.7%) and glauconite is distinctly increased (although absolute values are quantitatively not important for the sediment composition, 0.6 to 1% of the sand fraction). Phosphorite grains, probably reworked from older strata (Diester-Haass, 1978a) form 2 to 3 per cent of the sand fraction (see Appendix, this chapter, for interpretation and additional results).
The second type of layers with shallow water sediment supply are those where the benthic/planktonic ratios of foraminifers increase drastically, from <5 to 8 in Sections 26-1 and 26-2, up to 14 in Sections 28-1 to 28-5, and 42-2 (Figure li) . No indication as to high fertility and to strong CaCO 3 dissolution of planktonic foraminifers could be found. Ater Lutze (this volume), the normal amount of benthic foraminifers at the water depth at Site 397 would be about 1 per cent of total foraminifer amounts. These layers with increased benthic values are in the lower Pliocene. They also contain serpulidae: 0.5 to 1.2 per cent of the sand fraction; but, again, are quantitatively negligible amounts. Their presence, however, indicates that a shallow water sediment supply was active and that currents had been vigorous because serpulidae range to 500 µm in size.
In addition to these prominent layers, there is a good visual correlation between benthic/planktonic ratios of foraminifers and serpulidae in all the Pliocene. In Sections 29-3 to 31-4, serpulidae and some pelecypods are present and benthic/planktonic ratios are higher than in Cores 32 to 36, where benthic/ planktonic ratios are lowest and no serpulidae are present. In Cores 37 to 39, the presence of serpulidae is again linked to increased benthic/planktonic ratios. In these cores, glauconite and relict material do not increase.
Desert quartz numbers indicate an arid climate for all the early Pliocene. There is, however, a certain correlation between amount of terrigenous material and benthic particles, as in the interval without serpulidae and lowest benthonic/planktonic ratios (Cores 32 to 36). Terrigenous material also has lowest percentages in these cores. It is therefore presumed that together with the benthic materials, some quartz grains also came downslope. In Sections 38-6 and 39-3, benthic increases coincide with higher amounts of quartz grains not only in the 40 to 63 µm fraction, but also in the >63 µm fraction, indicating a rather strong downslope transport.
The transport mechanism of the benthic particles and quartz grains is not well understood. Perhaps the steepness of the slope enables the shallow water particles to slide down slope after having been brought into suspension either by burrowing organisms or by currents. Textural analyses would help to determine the effectiveness of either mass transport or particle by particle transport. Mass transport, however, is unlikely because the amount of shallow water particles >40 µm as a per cent of the total sediment is small (< 1%).
The third type of layers with indication of shallow water sediment supply is found in the upper Miocene sequence in Sections 44-1 and 2, 44-5, 45-4, 48-2, 52-2 and 3, 52-5 to 53-1, 54-3, and 55-2 to 55-4. These layers have in common glauconite values up to 0.6 per cent in Cores 44 to 49 and up to 1 per cent in Cores 52 to 55 in the 40 to 63 µm fraction. Serpulidae occur in small amounts (generally 0.2% of the sand fraction). Each glauconite peak corresponds to a peak in benthic/planktonic ratios (Figure 2e ). Their absolute values are in the same order of magnitude as in the Quaternary section, except for three samples where they increase drastically up to 25 per cent (Cores 45-4, 52-2, and 53-1). These values do not correlate with the highest fragmentation values of planktonic foraminigers and, thus, are not due to enrichment of benthics by dissolution. Terrigenous material in the 40 to 63 and > 63 µm fractions increases in these layers (up to 20% in the 40 to 63 µm fraction including three samples with 35, 70, and 25%). Desert quartz numbers are <20. These facts indicate a humid climate.
These layers, with increased shallow water sediment supply like those in the Quaternary, may have occurred during humid periods when sea level was lowered perhaps 40 meters during the latest Miocene (cf. Shackleton and Kennett, 1975b) , and transport of shallow water particles was enhanced. The lowered sea level might be due to Antarctic glaciations, after Shackleton and Kennett (1975a) . Antarctic glaciers had reached their actual extent at the beginning of the late Miocene. Investigations at nearby Site 369 also led to the conclusion that, as in the Quaternary, late Miocene climatic changes occurred between humid and arid climate (Diester-Haass, 1978a) .
The explanation poses one problem. Increased benthic/planktonic ratios in the Quaternary were explained mainly by increased fertility due to upwelling. In the late Miocene, no upwelling occurred and benthic amounts supplied from shallow water reached anomalously high values. Perhaps most of the quartz grains were also supplied from shallow water and, similar to the benthic and glauconite fractions, do not reflect climatic changes. Reworking of older strata might lead to a supply of unstained quartz grains, thus negating climatic conclusions. Consequently, interpretation of a shallow water sediment supply also becomes erroneous. However, because Site 369 did not have a significant shallow water sediment supply, this possiblity is unlikely.
The presence of shallow water particles indicates that during nearly all of Neogene time, there was sediment transport from the upper slope to the lower slope. The amount of sand-sized shallow water particles is never significant relative to the total sediment composition (except for the three samples in Cores 21, 22, and 23). The presence of these particles, does however, indicate small-scale down-slope transport processes on this rather steep slope, which became extremely strong in the early Miocene.
Climate
The amount and grain size of terrigenous particles µm and desert quartz numbers can give indications of climatic variations on the nearby continent.
Climatic variations in northwestern Africa during the later Quaternary have been detected by analysis of the terrigenous material in the coarse fraction from sediment cores off northwestern Africa (Diester-Haass et al., 1973; Diester-Haass, 1975a , 1976a . In northwestern Africa (20° to 27°N), Holocene and older interglacial periods had an arid climate with mainly wind transport of the terrigenous particles. During glacial periods, the climate was humid in northwestern Africa (north of 20°N) and rivers transported terrigenous material to the ocean.
These conclusions are based on the following observations:
1) The amount of "desert quartz" (Radcewski, 1937) is generally high in the actual input and during interglacial periods, and low in glacial periods (DiesterHaass, 1976a, fig. 8 ). There are regional differences in the Holocene (desert quartz numbers varying between 300 at 27 °N and 10 to 20 at 22 °N). However, the glacial values are rather constant, ranging between 20 and < 5 during Oxygen Stages 2, 3, and 4 in the area between 27° and 20 °N. Red-staining of quartz grains can occur in both arid (Walker, 1967) and in subtropical semi-humid regions. Furthermore, red-stained quartz occurs in the Sahara in Tertiary and lower Quaternary sediments. The numerical reduction of red-stained relative to colorless quartz during glacial periods points to destruction of their red hematite coating. This is fostered by more humid conditions and soil formation (McArthur and Bettenay, 1960) or during river transport (Walker, 1967 (Walker, , 1974 van Houten, 1964 van Houten, , 1972 .
The following observations made on the investigated cores, led to the conclusion that the glacial climate was more humid than that of the Holocene and Eem time intervals: (a) the clay minerals indicate soil formation during increased wetness in glacial times (Chamley et al., 1977) ; (b) phytoliths are present which suggests more humid conditions (Schrader in Diester-Haass et al., 1973) ; (c) pollen reflect mediterranean vegetation during the last glacial in the actual desert areas (Agwu, 1975; Beug, Göttingen, personal communication) .
The last glacial period is subdivided into Oxygen Stages 2, 3, and 4 which is clearly reflected in the CaCO 3 and per cent terrigenous matter curves (higher carbonate values, less terrigenous input >40 µm in Stage 3 than in Stages 2 and 4). But desert quartz numbers consistently remain low. This suggests climatic variations which, however, where not strong enough to prevent the destruction of the red staining.
2) The grain size of terrigenous material >40 µm is another basis for concluding trends of climatic variations. In the recent sediment input and in the interglacial intervals, hardly any quartz in the >63 µm fraction and none in the >125 µm have been found; whereas, in glacial periods, during phases of highest terrigenous input (smallest CaCO 3 values), quartz J>63 µm and >125 µm is found in large amounts (i.e., up to 6% of sand-sized quartz is coarser than 125 µm in Meteor Cores 12379 at 2000 m water depth and in Meteor Core 12310 at 3000 m water depth; Diester-Haass et al., 1973) . After Bagnold (1954) and based on find-ings from recent dust storms, no quartz >80 µm can be transported in suspension by the wind. Particles up to 200 µm diameter are mostly aggregates formed by rain drops (Jànicke, personal communication 1977) . The climate off Senegal during Stage 2 was arid with dunes migrating over the shelf (Sarnthein and Diester-Haass, 1978b; Diester-Haass, 1975) . The sediments on the continental slope consist of Eolian quartz with high amounts of stained quartz. But only 0 to 0.5 per cent of the sand-sized quartz is coarser than 125 µm, compared to 5 per cent in the same setting and at an even greater distance from the coast off the northern Sahara. This favors BagnokTs (1954) data, by indicating that even strong winds do not transport important quantities of quartz > 80 µm.
The findings described in the first point, desert quartzes, and these grain-size data lead to the interpretation of river input during the last glacial period, which is in good agreement with land data (see Rognon and Williams, 1977) .
This climatic interpretation is partly of varience to that presented by Lutze et al. (this volume) . Sarnthein, (1978) found in land data an arid period of about 2000 years duration in the northern Sahara (from 20,000 to 17,800 B.P.). Before and after this arid interval, the climate had been wetter, which corresponds to the interpretation in the study. During the entire last glacial period (Stages 2, 3, and 4), sedimentological conditions are not found to vary strongly in all the Meteor cores studied off the Sahara, but do vary stongly compared to the interglacials (Stages 1 and 5). These results preclude the conclusion that the coarse quartz (>150 µm) peak in Stage 2 of Core 12309 is the result of arid conditions and eolian input (Lutze et al., this volume).
The arid period lasted only 2000 years, and is a short interval during a long-lasting wet period. This wet period determined the sedimentological parameters in the marine environment, whereas the short arid period during peak-glacial conditions is not clearly reflected in the marine record.
The same holds true for the Holocene period: the actual indicators of terrigenous input from the Sahara (no quartz >125 µm, almost no quartz in the 63 to 125 µm fraction, and high numbers of stained quartz), an arid region today, remained the same during the entire Holocene. One slight difference can be observed: the amount of terrigenous matter in the 40 to 63 µm fraction was lower in the early Holocene than at present, this can be observed all along the Africa continental margin between 20 °N and Portugal (Kudrass, 1973) . The relatively constant (qualitatively and quantitatively) Holocene terrigenous input does not reflect the short-term climatic changes which have been observed on the continent (Lutze et al., this volume).
Closer sampling and more precise grain-size data might allow the reconstruction of a more detailed African climatic history from the marine sediments.
Applying these results to the sediments of Site 397, one obtains the following climatic divisions: 1) Quaternary, with numerous changes between arid and humid climate.
2) Pliocene, mainly arid.
3) Late Miocene, with some changes between humid and arid climate.
In the upper part of the Quaternary, Cores 2 to 11, there are numerous changes between strong terrigenous input in the coarse fraction, which are coincident with low desert quartz numbers. These are interpreted as periods of humid climate with abundant rainfall and river sediment supply. Then there are layers with nearly no terrigenous material in the > 63 µm fraction, and <C5 to 10 per cent in the 40 to 63 µm fraction; desert quartz numbers are above 20 in this interval (Figure 3) . These layers are interpreted as being deposited during an arid climate with mainly an eolian supply. In the late Quaternary sediments from Meteor Core 12309, taken near Site 397, the variations are of the same order of magnitude (Chamley et al., 1977) . Some disagreement between amount of terrigenous material and desert quartz numbers in Meteor Core 12309 (explained by its location close to the climatic boundary between Mediterranean humid and Saharan arid climate; Chamley et al., 1977) could not be found in the Quaternary at Site 397, except for the uppermost samples. This might also be due to drilling distrubances. In Cores 397-2 to 11, five or six humid climate sediment intervals can be distinguished. It would be interesting to know whether they can be correlated to the glacial cold periods described by Ruddiman (1971) and Mclntyre and Jantzen (1969) for the Atlantic, or to the glacial periods on the continents, e.g., Cooke (1973) . But the distance between samples is too great. It is not known whether the number of variations would increase with a smaller sample spacing.
In the lower Quaternary, in Cores 12 to 15, there is only one humid phase (Sections 13-4 and 5) in a more stable arid climate period. Needham et al. (1969) also describe a quieter climatic background during the early Pleistocene compared to the late Pleistocene, at 8°N in the Atlantic Ocean. Perhaps this climatic evolution can be correlated to a major cooling and initiation of intense high latitude glaciation at about 0.6 to 0.4 m.y. B.P. in the Arctic (Berggren and Hollister, 1974) . Herman (1974) also found more constant conditions in the Arctic Sea prior to 0.7 m.y. B. P. and several rapid changes between 0.7 m.y. and the present. The temperature curves of Ruddiman (1971) and Mclntyre and Jantzen (1969) for the Atlantic Ocean showed warmer and more stable conditions in the early Pleistocene prior to 0.7 m.y. These observations correlate well with the more stable arid climate in northwestern Africa, in the early Pleistocene.
Based on interpretations of the Quaternary section, high desert quartz numbers in the Pliocene section point to an arid climate. The amount of terrigenous material in the ^>40 µm fraction is low, compared to that in the Quaternary and points to a weak erosion of the continent and/or small wind velocities. The variations in amount of terrigenous material might be due either to variations in wind strength or to lateral supply of quartz grains from shallow water (cf. Chamley et al., this volume) .
In the late Quaternary, south of 20 °N off northwestern Africa, it has been found that during arid glacial periods wind strength increased sufficiently to produce an increase in eolian input by a factor of about two (Diester-Haass, 1976b ). This explanation may apply to those layers where terrigenous input increases in the 40 to 64 µm fraction, but not significantly in the >63 µm fraction, and where desert quartz numbers remain high (e.g., Core 17, Section 26-6, Core 28, Section 30-5 and 31-2, etc.). There is, however, one sample in the Pliocene (Section 19-3), where terrigenous input in the 40 to 63 µm fraction as well as in the 63 to 125 µm fraction increases and where desert quartz numbers decrease to < 20. This may represent a period with river supply caused by increased rainfall. The possibility of lateral supply from shallow water, however, should be taken into account, with reworking of older strata which contain no desert quartz. Textural studies could resolve this. Desert quartz numbers are significantly higher during the Pliocene than during the Quaternary (Figure  3) , pointing either to a stronger desert influence and staining of more grains, or to less dilution by non-desert (coastal?) grains.
In the upper Miocene sediments, there are alternations between layers with small terrigenous input and high desert quartz numbers, and layers with high terrigenous supply and low desert quartz numbers. When applying the results from the Quaternary sediments, this can be interpreted as being caused by a change between arid and humid climate (i.e., between mainly eolian and mainly fluvial supply). Arid periods are longer than humid ones in the late Miocene, whereas in the Quaternary they are of nearly equal length. The results from cores of proximal Site 369 (Diester-Haass, 1978a) favor this explanation. At Site 369, the late Miocene exhibited the same change in terrigenous input and desert quartz numbers, the absolute values being comparable. The succession of changes at both sites is similar. In the early late Miocene (Figure 4) , there are numerous changes (Cores 397-52 to 397-56, 369-4 and 369-5, and 369A-1, and 369A-2), followed by a period with constant arid climate (Cores 397-47 to 397-49, and 396-3). Also, some changes occur just below the Miocene/Pliocene boundary (cf. Chamley and DiesterHaass, this volume).
Variations in amounts of terrigenous material cannot be explained entirely by dissolution and, thus, by enrichment of the noncarbonate particles, because the fragmentation curve and the curve showing amount of terrigenous material vary independently.
There are two problems in the climatic interpretation of the upper Miocene sequence. First, there are the three layers with benthic/planktonic ratios ranging to 25 per cent. They cannot be explained by dissolution or production changes. Only lateral supply is a possible explanation. Perhaps, down-slope transport is a possibility, as demonstrated for middle and lower Miocene strata; or, quartz grains may have come downslope from shallow water. It is conceivable that the redstained quartz from desert environment are diluted by reworked, older, non-stained quartz grains, thereby producing changes in terrigenous supply, grain size, and desert quartz numbers without any changes in climate on the continent.
The second problem is that the environment during that period (e.g , distance from the coast, bottom and surface currents, etc.) are not known. So it is not clear whether the actualistic model of either river or eolian supply can be applied without taking into account other origins of the terrigenous components. Tectonically induced more active erosion and the influence of folding and uplifting of the Atlas (Dillon and Sougy, Diester-Haass, 1978a 1974: main folding of the Atlas in the Miocene) might also be important. There are two facts which allow the application of the actualistic model: (1) the good agreement between Sites 369 and 397, and (2) the good agreement between results from coarse-fraction analysis and clay minerals (Chamley and Diester-Haass, this volume) .
The Antarctic ice-sheet had at the beginning of the late Miocene for the first time a larger extent (Shackleton and Kennett, 1975a) . Perhaps there is some connection between this phenomenon and the climatic variations in northwestern Africa. The middle and early Miocene off northwestern Africa at Site 369 had an arid climate without humid intervals, based on the coarse terrigenous fraction data (Diester-Haass, 1978a) .
A good visual correlation exists between this climatic interpretation for northwestern Africa and the oxygen isotope curve by Shackleton (Cita and Shackleton, this volume The cold-warm classification, established by Lutze (this volume), based on benthic foraminifers, also correlates well with the Quaternary climatic interpretation presented here. Lutze's cold intervals correspond in general to humid periods, his warm intervals to an arid climate. His cold intervals, especially in Cores 3, 4, 5, and 8, correspond to humid periods. Also the lower Pleistocene humid interval in Core 13 is clearly reflected as a cold stage by benthic foraminifers.
Upwelling
Several indicators for increased fertility in continental slope sediments off northwestern Africa have been described (Diester-Haass, 1978b ). These indicators include the following, (1) high opal content in the total sediment; (2) increased numbers of diatoms, radiolarians, and sponges in the coarse fraction; (3) increased production of benthic foraminifers and, thus, benthic/ planktonic values which are higher than normal for the water depth; and (4) cold water assemblages of planktonic foraminifers. In very strong upwelling regions, phosphorite occurs and fish debris is enriched (DiesterHaass and Schrader, in press). Benthos may be completely absent in upwelling areas where bottom oxygen is absent.
The increased opal content is a "conditio sine qua non" for upwelling-influenced sediments. In normal fertile continental slope sediments, opal is usually completely dissolved by silica reconstitution reactions (Johnson, 1974 (Johnson, , 1975 . When opal input increases (mainly by diatoms, also by radiolarians), however, pore water will be saturated and allow the preservation of opal (Diester-Haass, 1978b) .
Opal-bearing sediments at Site 397 are found in Cores 2 through 26. In Cores 27 to 56, no opal was found in fractions >40 µm. The opal-containing sediments are interpreted as being due to upwelling, because opal can only be preserved when diatom production is high, and because nearly each radiolarian peak correlates to an increase in benthic/planktonic ratios of foraminifers. It is presumed that due to increased fertility in surface waters, food supply to the bottom increased allowing a higher benthic foraminifer production. Upwelling, however, did not produce a reducing environment at the sediment/water interface, thereby excluding benthic life and allowing excellent CaCO 3 preservation.
Several of the radiolarian peaks coincide with increases in echinoderms. It is possible that the increased food supply also enhanced echinoderm production. Some of the maximum values for ostracodes also coincide with opal and echinoderm and benthic foraminifer-rich samples. The layers with the highest opal con-tent, however, do not have increased ostracode values, but have the highest echinoderm amounts. Fish debris are not enriched in these upwelling-influenced sediments at Site 397. The same observation was made for upper Pleistocene sediments from the same area (Diester-Haass, 1977a) . Phosphorite grains occur in small amounts (see Table 1 ), but it is highly possible that they are reworked (von Rad et al., in press; Tooms et al., 1971) . Phosphorite is also absent in upper Quaternary, upwelling-influenced sediments off northwest Africa.
The interpretation of strong upwelling influence is reinforced in Section 10-3 by a high organic carbon value (2.38%), proving high organic production (see Site Report, this volume). Highest pyrite amounts do not correlate with intervals of highest fertility.
The upwelling-influenced, opal-rich sediments are found mostly in intervals which point to a humid climate on the continent. The three layers with by far the highest opal content, highest benthic/planktonic ratios, and highest fertility (Sections 9-2, 10-3, and 15-1), however, are in sediments indicative of an arid climate.
There were probably two different circulation patterns responsible for the upwelling observed at Site 397. First, during humid (i.e., glacial) periods, sea-level was lowered and the circulation system was more energetic (Climap, 1976; Gates, 1976) . This produced upwelling in areas, whereas no upwelling effect could be detected in the sediments during interglacial periods. The second model of upwelling, during arid periods, could be explained either by stronger trade winds, and/or a stronger Canary Current, or by changes in sea-floor morphology, or by a longer yearly span of upwelling. Actually, there is some present-day upwelling in the area of Site 397, but only during the summer months. This upwelling is insufficient to influence the underlying sediments. In the center of the Trade Wind belt, off Cape Blanc at about 21°N, however, there is strong upwelling and high primary production throughout the year (Schemainda et al., 1975) . That is why sediments there, deposited during arid climatic phases (Holocene and Eem), reveal a strong upwelling influence (Diester) Haass, 1978b) .
The general trend of upwelling influence at Site 397 is high in the upper Quaternary section (Cores 2 to 10), corresponding to the sequence with numerous climatic changes. During the lower Quaternary (Cores 11 to 15) and in the upper Pliocene, reflecting a climate that was more uniformly arid, the upwelling influence decreases. The beginning of the increased fertility at about Core 25 perhaps can be linked to the beginning of Arctic glaciation and, thus, to altered circulation patterns in the North Atlantic (Berggren, 1972) , with several periods of stronger current and wind velocities.
During the late Miocene, climatic changes between humid and arid phases are probable, similar to those in the Quaternary. No upwelling influence, however, was found at Sites 397 and 369 (Diester-Haass and Schrader, in press). Perhaps the global climatic differences were still less extreme than during the Quaternary, producing weaker currents, especially a less well-developed Canary Current and lower trade wind velocities. Von Rad et al. (in press) , however, found indications of upwelling in the middle Miocene on the uppermost slope.
Calcium Carbonate Dissolution
The degree of fragmentation of planktonic foraminifers is believed to indicate the degree of CaCO 3 dissolution. Five cycles were observed in the Quaternary sequence, and three cycles with increasing fragmentation were observed in the upper Pliocene (Cores 20, 22 to 23, and 25 to 26). These cycles are not clearly relatable to climatic changes; they may be caused by pulses of deep cold North Atlantic water influx. Arctic glaciation began about 3 m.y. B.P., which corresponds to Cores 25. Antarctic bottom water may have influenced dissolution as well. During the late Quaternary glacial periods, it strongly increased carbonate dissolution in the equatorial Atlantic (Western part: Damuth, 1975; Eastern part: Gardner, 1975; Diester-Haass et al., 1978) . Strong bottom water formation probably increased in Antarctica at about 3.75 m.y. B.P. (Blank and Margolis, 1975) , 3.3 to 2.4 m.y. B.P. (Watkins and Kennett, 1971) , during the onset of Antarctic ice shelf formation. The bottom water traveled farther north during glacial periods than during interglacials (Burckle and Stanton, 1975) .
At about 2.5 m.y. B.P., erosion off Antarctica increased strongly due to the formation of cold bottom water (Kennett and Watkins, 1976) . Perhaps this bottom water temporarily shifted northwards and produced cycles with increasing carbonate dissolution in the North Atlantic, superimposed on a general decrease in CaCO 3 dissolution.
Fragmentation varies without trend in Cores 25 to 34, but there may have been cycles which could not be detected because of the large sample intervals. In the lower Pliocene (Core 37), dissolution begins to increase, with maximum values occurring in the upper Miocene (Core 52). In the lower upper Miocene, values decrease again. In the upper Miocene, there are strong variations (between 45 and 70%). The upper Miocene trend in dissolution is similar to that at Site 369 (Diester-Haass, 1978a) , with highest values in the middle upper Miocene and lower values in the upper and lower part of that period, and strong variations between very low and very high values. The lower Pliocene fragmentation is smaller than that of the Miocene, and the Quaternary dissolution is smaller than that of the Pliocene at Sites 369 and 397. The same trend has been described for depth variations of the carbonate compensation depth in the North Atlantic (Berger and von Rad, 1972) . Miocene fragmentation percentages of 45 to 70 per cent at Site 397 are similar to those at Site 369, although the latter is situated in only 1800 meters water depth. The lowest Quaternary value at Site 369 is 20 per cent, the same as the lowest value at Site 397. This general correspond ance in dissolution trends at the two sites (and also at Site 366) favors the interpretation of large-scale change in depth of the lysocline, and counters interpretaion of local reasons for dissolution changes (for discussion, see Diester-Haass, 1978a It has been observed (Berger, 1970; Lisitzin, 1971 Lisitzin, , 1972 Moore et al., 1973 ) that with increasing fertility, CaCO 3 dissolution increases. But when the O 2 amount becomes too small and the reduction zone in the sediment is in contact with the bottom water, CaCO 3 preservation can be excellent (Berger and Soutar, 1970; Stackelberg, 1972; Diester-Haass, 1978a) .
There is no correlation between dissolution increases or decreases and changing fertility at Site 397. There are two explanations for this lack of correlation. First, characteristics of bottom water, either arctic or antarctic, are more decisive for the degree of dissolution than local fertility changes. Second, fertility was never high enough to produce a reducing zone at the sediment/ water interface, as has already been demonstrated by the benthic/planktonic ratios of foraminifers.
Volcanism
The amount of volcanic material shows maximum values during the last 2 m.y. (Cores 2 to 16 ). This correlates with K-Ar age determinations of volcanic samples from the Canary Islands, Tenerife, Palma, and Hierro (Abdel-Monem et al., 1972) . The isle of Gran Canada, however, situated closest to Site 397, had a main volcanic phase during 3.5to2m.y.B.P. (Abdel-Monem et al., 1971; Grunau et al., 1975) . Lietz and Schmincke (1975) found evidence for volcanic activity in the northeast half of Gran Canaria in the Quaternary until late prehistoric times. In the remaining sequences studied of Site 397, volcanic material is present in small amounts. Values increase only in the upper Miocene interval; this might correlate to the end of a volcanically active period spanning from 16 to 9 m.y. B.P. (cf. Schmincke et al., this volume) .
The origin of the volcanic material found at Site 397 Cores 2 to 56, can be related to eloian supply and submarine transport. Volcanic eruptions on the Canary Islands and eolian supply of the volcanic glass and ash may have produced the peaks in volcanic material in the upper Pliocene and Quaternary, and in the lower part of the upper Miocene. The volcanic material in the sections with low glass and ash quantities at Site 397 could have been supplied from shallow water by submarine transport processes. Lietz and Schmincke (1975) report that canyons are partly filled with volcanic material and that sedimentary rocks interfinger with volcanic clastic debris fans. The constant presence of small amounts of volcanic material which cannot be correlated to volcanic phases, perhaps justifies the conclusion that this material came from the continental shelf or slope off the Canary Islands. This assertion is favored by the following observation: the Neogene section at Site 369 (situated southeast of Site 397, in shallower water on the African continental slope) contained volcanic material only in two well-defined layers which can be correlated with volcanic phases on the Canary Islands (Diester-Haas, 1978a ). This observation indicates that perhaps Site 369 only received volcanic material by eolian transport from eruptions, whereas Site 397 (closer to these islands, but in deeper water) received volcanic material both from eruptions and by bottom transport from the Canary Island continental slope.
It cannot be deduced whether the biogenous shallow water particles and the glauconite and relict material accompanied the volcanic material from the Canary Island slope, or originated from the steep African continental slope, or from both areas. Clay minerals, however (Chamley, this volume) , do not indicate a Canary Island influence. APPENDIX After completion of the manuscript, 12 more samples were taken from Sections 21-6, 22-5, and 23-3. The aim of this investigation was to determine if the layers with a supply of coarse terrigenous and shallow water material found at Samples 21-6, 80 cm; 22-5, 80 cm; and 23-3, 80 cm were thin layers, produced by a sudden event (turbidite?).
Additional samples were taken in Samples 65, 75, 85, and 95 cm; 65, 75, 85, and 95 cm; 65, 75, 85 , and 95 cm (see Table i and Figure i) . The results from the 12 additional samples, taken within 30 cm of the previously investigated samples, do not differ very much from each other and from the previous samples.
The radiolarian/planktonic foraminiferal ratios, amounts of diatoms, and fish debris in the "coarser layers" are exactly in the same order of magnitude as those of the samples without coarse terrigenous and shallow water supply.
The main difference between "coarser layers" and surrounding sediments is the grain-size distribution (increase in sand and the 40 to 63 µm fraction; Figure 5 [a]), the drastic increase in per cent terrigenous material in the sand fraction (from 0 to 50%; Figure i[c] ), and the high content in glauconite, phosphorite, and relict material ( Figures  5[g] , [h] , and [i]), as well as a slight increase in benthic/planktonic ratios of foraminifers, in Sections 21-6 and 23-3 (Figure i[b] ). Furthermore, quartz grains in the > 125 µm fraction, absent in the "normal sediment," comprise up to 70 per cent of the total sand-sized quartz (Figure i[e] ). Mica is nearly absent; <0.5 per cent in the sand fraction. The increase in terrigenous matter as well as in shallow water particles is higher in the sand than in the 40 to 64 µm fraction. This phenomenon, together with the high median diameters (125 to 250 µm) of the quartz grains, shows that the main lateral supply is in the sand fraction.
Desert quartz numbers also reveal a stronger dilution of redstained quartz by white quartz in the sand than in the 40 to 63 µm fraction. Normally, values are similar in both fractions. In the "coarser layers," however, smaller numbers of sand-sized quartz have red staining (Figure i[f] ). The values in the 40 to 63 µm fraction are rather high (30 to 60), pointing to an arid climate during deposition of the "coarser layers."
The samples taken in Sections 21-6, 22-5, and 23-3, all reveal an influence of a strong shallow water sediment supply. Thus, the "coarser layers" are thicker than 30 cm, but thinner than 200 cm. More samples have to be taken within this interval of Cores 21 to 23, to establish the sequence and thickness of shallow water influenced sediments.
The origin of these layers remains unclear. The grain size of the quartz is too large to be explained by eolian supply (Bagnold, 1954) . Also, rivers do not seem capable of transporting such quantities or coarse quartz grains (Diester-Haass, 1976a) . Contourite currents or other bottom currents cannot account for the presence of shallow water particles. The large amounts of stained quartz, as well as the large median diameters of the quartz (125 to 250 µm), and the nearly complete absence of mica support interpretation of a desert climate and supply from sand dunes (Sarnthein and Diester-Haass, 1977) . But the sediments can hardly be interpreted as "eolian sand turbidites" (Sarnthein and Diester-Haass, 1977) , because the size of the fine fraction (<63 µm) is too high (>85%). It is presumed that the shallow water particles and the dune sand were transported down slope by a mechanism other than normal hemipelagic sedimentation. It is not possible to tell whether sea level had been lower, thus facilitating down-slope transport by means of particle by particle transport. Alternatively, small turbidites, consisting mainly of dune 21-6, 65-67 21-6, 75-77 21-6, 85-87 21-6, 95-97 22-5, 65-67 22-5, 75-77 22-5, 85-87 22-5, 95-97 23-3, 65-67 23-3, 75-77 23-3, 85- sand, might have been intercalated and mixed into the normal which began at about 3 m.y. B.P. (Berggren, 1972) . In the Pacific, a hemipelagic sediments by bioturbation. A radiographic study would glacioeustatic sea-level lowering has been determined for 3 m.y. B.P. be useful here. Lowered sea level necessary to allow the down-slope (Schlanger and Douglas, 1974) and for 2.6 m.y. B.P. in New Zealand transport of dune sand (Sarnthein and Diester-Haass, 1977) might (Schackleton and Kennett, 1975) . have occurred during this period, as a consequence of arctic glaciation
